Technology has an important role in determining solutions to STEM problems. Computer and calculator programs are often used for engineering calculations. Various technologies can be used for solving different types of problems and this can be effective on students' learning paradigms. The objective of this qualitative paper is to investigate undergraduate and graduate STEM majors' technology preference to solve three different calculus problems as well as their reasoning for the preferred technology. The findings presented in this paper are particularly important to determine different technology preferences of engineering and math students to solve different calculus questions as well as the variation in the chosen technology to solve calculus problems when problem changes. Participants of this study are 17 undergraduate and graduate mathematics and engineering majors who were either enrolled or had recently (two weeks) completed a Numerical Methods/Analysis course. Written and video recorded responses of the participants are analyzed for the results presented in this article.
Introduction
Technology has an important role in solving engineering and mathematics problems. It cannot replace conceptual understanding, computational fluency, or problem-solving skills; however, the strategic use of technology enhances engineering and mathematics learning. Professors need to be knowledgeable decision makers in determining when and how their students can use technology most effectively so that students know a variety of technologies to solve problems. There are many challenging problems in engineering and mathematics research can be solved by using computer programs. There are many challenging problems that might require the use of one of the following technologies:
• Computer programming languages: Matlab, Mathematica, Python, N.I. LabVIEW, Java, C, C++, C#, Excel, Auto CAD, etc.
• Calculators: Texas Instruments 83, 83+, 84, 86, 89, etc. • Online resources: Wolfram Alpha, etc.
Undergraduate and graduate students' knowledge of various technologies to solve engineering and mathematics problems can be an important part of their learning paradigm. Solving some of the STEM problems by hand can be challenging and technology can be used to solve such problems. A problem can be solved easily by using a calculator in few minutes whereas the same problem's solution can be very complicated by using a computer programming language. Students may give up if they won't be able to determine the solution while trying to use the program. In this qualitative study, we will observe undergraduate and graduate STEM students' technology knowledge to solve various calculus problems.
Choosing the best programming language to start teaching high school and undergraduate students is observed by several researchers; see for example Ali (2007) , Duke (2000) , Giangrande (2007) , Goosen (2004) , Goosen (2008) , Mannila (2006) , and Tharp 1982 . Some other researchers focused on learning preferences of students to solve engineering problems; see for example Felder and Silverman (1988) and Rosati (1998) . Education of various technologies in various engineering fields as a part of an undergraduate curriculum is discussed by researchers such as Clough (2002) and Maase & High (2008) . Stockwell (2002) focused on Computer Science majors' mathematics problem solving skills when C programming language is used in the classroom. This study evolved from an attempt to determine the effects that learning computer programming has on the development of certain mathematics skills in undergraduate college students. De Jong, Andel, Leiblum, and Mirande (1992) reported on the use of computer assisted learning (CAL) in Dutch higher education in 1991. As a response to a call for participation, descriptions of 442 different CAL programs that were used in Dutch higher education were received. Most popular usage is in mathematics and sciences, medicine and engineering. The software observations in this study were mainly based on simulation. On the contrary to the existing literature, this article focuses on undergraduate and graduate students programming language preferences for solving mathematics problems. To the best of our knowledge, a study similar to the one explained in this article was not conducted previously on undergraduate and graduate students programming preferences to solve senior/ graduate level mathematics questions.
The General Procedure & Participants
The participants of this qualitative study are 17 senior undergraduate and graduate students from Engineering and Mathematics disciplines who were enrolled to one of these two courses at a large Midwestern research institution. All had completed multi-variable calculus courses that cover the content of the given questionnaire. The data was collected during a semester that the main author of this study taught a senior level undergraduate Computer Science Numerical Methods course. Computer Science undergraduate majors were required to complete this course as a requirement of the Computer Science Bachelor of Science degree. During the same semester, the researcher also graded a senior undergraduate/graduate level Numerical Analysis course offered by the Mathematics Department with students enrolled from various science and engineering disciplines. Each participant was required to complete the same questionnaire that consisted of 15 questions, and interviewed for approximately 40 minutes based on his/her responses to the questionnaire questions. The author video recorded all the interviews and designed the interview questions based on the written responses to the questionnaire questions. Interview data collection was standardized across the participants based on their responses. The goal of the questionnaire questions and interviews were to analyze participants' ability to respond to algebraic, analytic, and geometric function-related calculus concept questions. Only 3 out of 15 questions are directly related to participants' technology preference covered in this article. The rest of the questions are related to concepts such as functions, derivatives, integrals, and power series' numerical solutions. The evaluation of the collected data regarding to the questions that are not covered in this paper are planned to be published elsewhere.
Research Questions & Objectives
Many engineering and mathematics courses require use of a certain programming language or calculator. The following are the objectives of the three questions that are analyzed in this article:
• The rest of this section is devoted to the three questions that are related to participants' technology preference. Majority of participants' written responses to these questions as well as the interview responses will be displayed for each question.
Research Question 1
Sketching the graph of a function is one of the fundamental calculus concepts that all STEM majors either learned prior to their undergraduate education or during their freshman year. Use of technology to sketch the graph of a function is not taught by every calculus professor at universities and use of technology can have an important role in the courses to be taken later by the students. In this section the objective is to observe technology preference of undergraduate and graduate STEM majors' when they are asked to draw the graph of functions. Questionnaire and interview responses of several participants will be displayed for clarity of the decisions made by the participants. The interview data collected above indicated both engineering and mathematics students' programming preferences to be depending on their prior experiences with calculators and programming languages at the university level. This data also indicated that most of the participants did not prefer to use the technology they learned in high school for solving the first research question. The written responses to the first research question resulted in the following number of students and their preferences:
Q6)
• 6 -Calculator (TI 83, 83+, 84, 86, 89, 89 The majority of the responses for the choice(s) of technology was due to (1) ease of access; (2) simple usage; (3) not knowing other technologies. The interview responses regarding to the graphing problem indicated the following outcomes for the majority of the participants:
• Lack of ability to use the programming languages they learned (such as C, C++, Java, Excel) during their high school years for solving a graphing problem in mathematics; • Those who learned how to use a calculator in high school continued using it during their undergraduate or graduate degrees and preferred to solve the graphing problem by using a calculator; • Interested in using Texas Instrument calculators; • Didn't know different technologies (such as free available resources) to solve the graphing problem by using technology for the given question.
Research Question 2
Determining the value of a definite integral is one of the fundamental calculus concepts that all STEM majors either learn prior to their undergraduate education or during their freshman year. Use of technology to calculate the definite integral of a function is not taught by calculus professors at every university; however it can play an important role in the engineering and mathematics courses to be taken by the students later. In this section the objective is to observe technology preference of undergraduate and graduate STEM majors' when they need to determine the definite integral of functions. In addition questionnaire and video recorded interview responses of several participants will be displayed with the analysis of the collected data.
Q2)
If there is a definite integral given, which one of the following would you prefer to use to calculate the given integral? Please circle the option and briefly explain why. Interviewer: …what did you need to do for this class in terms of programming? …did you need to construct programs on your own or did you need to do something else? RP 6: …it was constructing some on your own but writing them as I understood the instructions anyway and then some of them were given to you and you had to, or I had to figure out how to make them work. Interviewer: Were you comfortable when you were working on making them work? RP 6: I wasn't, at all Interviewer: and did you get help from anybody or? RP 6: I tried. I contacted a couple of people who have programming experience and they sat down with me for a couple of hours and I wasn't getting it. I didn't want to take any more of their free time but. Interviewer: …LabVIEW, do the icons help you to make it…make for you when you program? There are buttons or…squares where you see it is more graphical compare to the other programs. Does it play an important role in that sense? RP 9: …It's helpful. I mean I've been programming…for a long time so it wouldn't be a problem…the variables are a little hard to work…other than that…I thought it was pretty easy to work with as far as the icons. They made things helpful. Especially, just the basic arithmetic ones…adding subtracting…being able to decrement….They made it…very simple for you… Interviewer: Did you use LabVIEW before you learn it in this class, in Numerical Methods course? RP 9: No, I've never used it before. Before I had some exposure to it but no, I've never used it. … Interviewer: you prefer to use…Python. RP 11: Probably. Interviewer: …if you compare with TI-89, which one is easier you think? RP 15: Probably Wolfram Alpha. It's because it is on a computer screen, it's bigger, and you can use the full key board… Interviewer: … you are saying C or Java, if you are required to use it…what do you use C or Java for?…did you learn them in high school? RP 15: I learned Java in high school and I use C at work. Interviewer: …do you think they are easy languages to use for in such cases (meaning the question) or user friendly? RP 15: Yeah, I think they are pretty user friendly. … Interviewer: … you would use computer program, Wolfram Alpha, if you want to calculate a definite integral. RP 16: Yeah, unless it is a pretty easy to integral to calculate by hand. Interviewer: How do you make that decision? RP 16: …I guess I look at the function and start doing it, and if I get bored, I go to my laptop.
Interviewer: …and what does Wolfram Alpha do when you type a function and integrate it? RP 16: … it gives you the area, I mean the integral answer unless it's, you don't enter it right or something then it masses up. Interviewer: So it doesn't give additional information when you calculate the integral. RP 16: I think it might actually do that too. Interviewer: …you are saying by hand … or Matlab.
RP 16: Yeah because I'm learning Matlab so I might try to start using it more. Wolfram Alpha is kind of nice because it is at a website so it's pretty much on any computer with internet…But I guess that is not really a straight language, it's kind of make-up commands and it tries to figure it out…I guess you use the Mathematica commands with it... Interviewer: …Did you learn any programming language in high school? RP 16: I learned C++ when I was in high school but don't try to make me remember it because, I mean, I probably can pick it up again but I don't remember it... Interviewer: Did you like it? RP 16: I believe so, yeah Interviewer: Did you use calculator in high school? RP 16: Yeah, I used a graphing calculator…TI-83 I believe the one used. Interviewer: …when did you start using it? …early in high school…? RP 16: Probably 9 th or 10 th grade. Interviewer: How much do you think it helped? RP 16: …I think it helped but I also think you probably shouldn't begin learning with it...you should still like do the vertical asymptote, horizontal asymptote graphs that if you learn, it takes 30 minutes to do one problem at the beginning and you hate it…but by learning it, it's really good and then you can use calculator any time you notice when things don't go right in your calculator, you know why so. Then you can spot mistakes. … Interviewer: You have two parts circled here. Calculator…can you explain your answer for calculator part? RP 17: Yeah, I just use calculator just a scientific calculator. It can do definite integrals but I never do the definite integrals on the calculator so what I want to do is when I see an integral, I want to solve it theoretically. But sometimes I need help keeping track of all the numbers and all the constants by using the calculator. Interviewer: How do you decide that you can solve it by hand when you see an integral? RP 17: …usually I just look at it and see if it is possible. If it is in a book obviously it's going to be possible…If it is something easy like…x to the power something…you can always gone through the Taylor test to see if it is going to be integrable…I could just go for approximations… Interviewer: …Are you comfortable with programming in Matlab? RP 17: Somewhat. When I was taking the class I never had any experience with design so I didn't understand the logic behind programming…then I start using decisions, loops. So I was really lost with that but I think I learned some of the languages that I think that I'll be able to program if I hadn't had given the programs but I think eventually I would be able to.
The interview data collected above resulted in majority of the students' preferring to solve the second research question either by hand or Matlab. Some of the participants who chose to solve the question by hand mentioned that the solution could depend on the difficulty level of the question based on the decision making after seeing the problem. The decision making of the participant depended on "having a look" at the function. The written responses to the second research question resulted in the following preferences of the participants with the corresponding number of participants:
• 7-By hand Surprisingly enough 52.94% of the participants preferred to solve the second question by hand while 88.89% of these participants preferred to use technology as well. Only 11.76% of the participants preferred to use a calculator to solve this problem. Matlab appeared to be the most preferred programming language with 41.18% while Mathematica was preferred to be used 17.65% of the participants; Excel and C# with each preferred 11.76% of the participants; Python, LabVIEW, C++ and Java each preferred by 5.88% of the participants. 23.53% of the participants decided to choose online technology to solve the second questions. The most preferred programming language was Matlab while Python, LabVIEW, C++ and Java appeared to be the least preferred programming languages. 41.17% of the participants chose to use multiple technologies to solve the problem with 42.86% of these participants preferring to use both an online resource and a programming language.
The interview responses regard to find the definite integral of a function indicated the following outcomes for the majority of the participants:
• Prefer to use a programming language rather than using a calculator;
• Use of only Texas Instrument calculators;
• Didn't know various technologies to solve the problem given in the questionnaire.
• Choice of programming language depended on the complexity of the problem. Particularly mathematicians preferred to solve the problem by hand if the problem doesn't appear to be too complicated. The interview responses to calculating the numerical values of power series or error term graphs/values indicated the following outcomes for majority of the participants:
Research Question 3
• Matlab was the main programming language preferred;
• Participants mainly preferred to use a programming language rather than using a calculator;
• Didn't know different technologies to solve the problem given in the questionnaire;
• Participants recently learned a technology to solve the problem.
Conclusion
Technology cannot replace conceptual understanding, computational fluency, or problem-solving skills; however, its strategic use enhances engineering and mathematics learning. Technology cannot replace conceptual understanding, computational fluency, or problem-solving skills; however, its strategic use enhances engineering and mathematics learning. Majority of the research in the literature focuses on conceptual understanding, computational fluency, and problem-solving skills of students; however, results obtained in this work indicate lack of undergraduate and graduate STEM majors' different technology knowledge for strategic use of technology to solve calculus problems. Even though some of the participants knew various programming languages, they didn't have the type of technology knowledge to solve the calculus problems in this study. Calculators and computer programming languages are vital components of a high-quality undergraduate and graduate STEM majors' mathematics education. With guidance from mathematics and engineering professors, students at different levels can use these tools to support and extend mathematical reasoning and sense making, gain access to mathematical content and problem-solving contexts, and enhance computational fluency. In well-articulated engineering mathematics and engineering programs, students can use these tools for computation, construction, and representation as they explore problems. The use of technology also contributes to mathematical reflection, problem identification, and decision making. In this qualitative study we explored 17 undergraduate and graduate STEM majors' technology decisions to solve three different calculus problems. The research objectives included
• Various technologies chosen to solve various mathematics questions;
• Sufficient knowledge of existing technologies to solve different calculus problems;
• Decisions made to solve calculus questions by hand or using a technology;
• Correlation between the technologies chosen to solve different calculus problems;
• Correlation between the programming languages learned during high school years and the programming languages preferred to solve the calculus problems;
The participants of this study were either enrolled in a graduate or senior level undergraduate Numerical Methods/Analysis course at a large Midwest research institution. The collected data indicated a correlation of Matlab use as the complexity of the problem increased: Matlab was preferred to be used by 35.29% of the participants for question 1, 41.18% of the participants for question 2, and 58.82% of the participants for question 3. There was no correlation indication between the difficulty of the question and the online resources preferred to be used. Online resources were preferred to be used by 17.65% of the participants for question 1, 23.53% of the participants for question 2 and 5.88% of the participants for question 3. The collected data indicated a correlation between the difficulty level of the question and the use of calculator: Calculators were preferred to be used less as the difficulty level of the question were advancing from question 1 to 3. Calculators were chosen by 41.17% of the participants to solve question 1, 11.76% of the participants to solve question 2, and 5.88% of the participants to solve question 3. The least preferred technologies appeared to be in the order of Excel, Mathematica, C++, C#, Python, LabVIEW, and Java for all three questions. The second question was the only question for which 47.06% of the participants showed an interest of solution by hand. 41.17% of the participants showed consistency of choosing the same technology for all three questions: 57.14% of these consistent participants chose to use Matlab while the rest of the participants equally preferred using an online resource, Excel, or Mathematica. Only 11.76% of the participants chose to use a different technology for each question. 47.06 of the participants chose to use the same technology for two questions among the three questions.
The following outcomes are observed from the written and video recorded data:
• Majority of the participants preferred to use technology to solve all three calculus questions;
• The use of a programming language was the main choice of the participants in comparison to the use of calculators; • Mathematicians preferred to solve the questions by hand as long as it is "easy" to solve the question; • Participants were not aware of various technologies to solve different calculus problems;
• Free resources available online such as Wolfram Alpha were not known by the majority of the participants to solve problems.
• Texas Instruments (except one case) was the only preferred calculator to solve the problems; • Technology learned in high school was not primarily preferred for solving the calculus problems.
The statistical data indicates majority of the engineering and mathematics majors' preference to be Matlab for solving all three problems used in this work. Therefore Matlab appears to be a good choice to be used in mathematics-driven engineering courses. Calculator and online resources can be also useful for such courses as long as sufficient use of the corresponding technology is taught properly. The outcomes of this study suggest to use various technologies for improving engineering and mathematics students' technology background. The lack of participants' web based free resource preference indicated a lack in enough information provided to the participants for solving math questions. Therefore it will be a good idea to give more information about web based resources for solving math problems to STEM majors.
